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1. 

BACKSIDE DEPLETON FOR BACKSIDE 
ILLUMINATED IMAGE SENSORS 

PRIORITY DATA 

This application is a continuation-in-part of U.S. applica 
tion Ser. No. 1 1/774,681, filed on Jul. 9, 2007, entitled 
METHOD FOR IMPROVING SENSITIVITY OF BACK.- 
SIDE ILLUMINATED IMAGE SENSORS which claims 
priority to U.S. Provisional Patent Application No. 60/827, 
611, filed on Sep. 29, 2006, the entire disclosures of which are 
incorporated herein by reference. 

BACKGROUND 

An image sensor provides a grid of pixels, such as photo 
sensitive diodes or photodiodes, reset transistors, Source fol 
lowertransistors, pinned layer photodiodes, non-pinned layer 
photodiodes and/or transfer transistors, for recording an 
intensity or brightness of light. The pixel responds to the light 
by accumulating a charge—the more light, the higher the 
charge. The charge can be processed by another circuit so that 
a color and brightness can be used for a suitable application, 
Such as a digital camera. Common types of pixel grids include 
a charge-coupled device (CCD) or complimentary metal 
oxide semiconductor (CMOS) image sensor. 

Backside illuminated sensors are used for sensing a Vol 
ume of exposed light projected towards the backside Surface 
ofa substrate. Backside illuminated sensors provide a high fill 
factor and reduced destructive interference, as compared to 
front-side illuminated sensors. The pixels are located on a 
front side of the substrate, and the substrate is thin enough so 
that light radiation projected towards the backside of the 
Substrate can reach the pixels. Accordingly, the Substrate is 
thinned to a reasonable thickness to provide a desired photo 
response and reduce cross-talk. However, the process of thin 
ning the Substrate may cause damage to the silicon crystal 
lattice which can lead to an increase in dark current for the 
image sensor device. That is, unwanted current generated by 
pixels in the absence of illumination. There may be other 
Sources for dark current such as impurities in the silicon wafer 
and heat buildup in the pixel area. Excessive dark current may 
lead to image degradation and poor device performance. 
A need exists for a device and method that provides a 

backside illuminated image sensor with reduced dark current 
without adversely affecting the performance of the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the accom 
panying figures. It is emphasized that, in accordance with the 
standard practice in the industry, various features are not 
drawn to scale. In fact, the dimensions of the various features 
may be arbitrarily increased or reduced for clarity of discus 
S1O. 

FIG. 1 is a top view of a backside illuminated image sensor 
device including a plurality of pixels. 

FIG. 2 is a cross-sectional view of the image sensor device 
of FIG. 1. 

FIG. 3 is a cross-sectional view of a backside illuminated 
image sensor with an extended light sensing region and a 
shallow p-- doped layer. 

FIG. 4 is a cross-sectional view of a backside illuminated 
image sensor with a backside depletion region. 

FIG. 5 is a flowchart of an exemplary method for fabricat 
ing the backside illuminated image sensor of FIG. 4. 
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2 
FIGS. 6a-6e are cross-sectional views of the backside illu 

minated image sensor of FIG. 4 at various stages of fabrica 
tion in accordance with the method of FIG. 5. 

FIG. 7 is a graph illustrating a quantum efficiency of vari 
ous image sensor configurations based on different light 
wavelengths. 

DETAILED DESCRIPTION 

It is to be understood that the following disclosure provides 
many different embodiments, or examples, for implementing 
different features of the invention. Specific examples of com 
ponents and arrangements are described below to simplify the 
present disclosure. These are, of course, merely examples and 
are not intended to be limiting. In addition, the present dis 
closure may repeat reference numerals and/or letters in the 
various examples. This repetition is for the purpose of sim 
plicity and clarity and does not in itself dictate a relationship 
between the various embodiments and/or configurations dis 
cussed. Moreover, the formation of a first feature over or on a 
second feature in the description that follows may include 
embodiments in which the first and second features are 
formed in direct contact, and may also include embodiments 
in which additional features may be formed interposing the 
first and second features, such that the first and second fea 
tures may not be in direct contact. 

Referring to FIG. 1, an image sensor 50 provides a grid or 
an array of backside illuminated (or back-illuminated) pixels 
100. In the present embodiment, the pixels 100 include pho 
tosensitive diodes or photodiodes, for recording an intensity 
or brightness of light on the diode. The pixels 100 may further 
include reset transistors, source follower transistors, and 
transfer transistors. The image sensor 50 can be of various 
different types, including a charge-coupled device (CCD), a 
complimentary metal oxide semiconductor (CMOS) image 
sensor (CIS), an active-pixel sensor (ACP), or a passive-pixel 
sensor. Additional circuitry and input/outputs are typically 
provided adjacent to the grid of pixels 100 for providing an 
operation environment for the pixels and for Supporting exter 
nal communications with the pixels. 

Referring now to FIG. 2, the image sensor 50 includes a 
substrate 110. The substrate 110 may comprise an elementary 
semiconductor Such as silicon, germanium, and diamond. 
Alternatively, the substrate 110 may optionally comprise a 
compound semiconductor Such as silicon carbide, gallium 
arsenic, indium arsenide, and indium phosphide. Also, semi 
conductor arrangements such as silicon-on-insulator and/or 
an epitaxial layer (also referred to as an “epilayer) can be 
provided. The substrate 110 may comprise an alloy semicon 
ductor Such as silicon germanium, silicon germanium car 
bide, gallium arsenic phosphide, and gallium indium phos 
phide. In the present embodiment, the substrate 110 
comprises a p- epilayer. The substrate 110 includes a front 
side surface 113 and backside surface 114. All doping may be 
implemented using a process Such as ion implantation or 
diffusion in various steps. Different dopings, including p-type 
or n-type, may be used. The substrate 110 may further include 
lateral isolation features (not shown) to separate different 
devices formed on the substrate. 
The sensor 50 includes a plurality of pixels 100 formed in 

the substrate 110 underneath the front surface 113 of the 
substrate. For the sake of example, the pixels are further 
labeled 100R, 100G, and 100B to correspond with example 
light wavelengths of red, green, and blue, respectively. The 
pixel 100 may include a photodiode for sensing an amount of 
light radiation directed towards the pixel from the back sur 
face of the substrate 110. The photodiode may include a 
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pinned layer photodiode. The pinned layer photodiode may 
comprise of an n-type doped region formed in the p- epilayer 
and a heavily doped p-type region (referred also as p--pinned 
layer) formed on the Surface of the n-type doped region. 
Accordingly, the p-n-p junction region (referred also as the 
depletion region) makes up a light sensing region 112 of the 
photodiode. Alternatively, the photodiode may optionally 
include a non-pinned layer photodiode. In continuance of the 
present example, the light sensing regions are further labeled 
112R, 112G, and 112B to correspond with the pixels 100R, 
100G, and 100B, respectively. 
As previously discussed, the image sensor 50 may be con 

figured as an active-pixel sensor wherein each pixel 100 
includes a photodiode and a number of transistors. The pixel 
100 may be configured to absorb light radiation and generate 
optical charges orphoto-electrons that are collected and accu 
mulated in the light sensing region 112 of the photodiode. The 
transistors may be configured to readout the generated photo 
electrons and convert them into an electrical signal. The tran 
sistors include reset transistors, Source follower transistors, 
transfer transistors, and other Suitable transistors. 

The image sensor 50 may further include additional layers, 
including first and second interconnect metal layers 120,122 
and inter-layer dielectric 124, formed on the front surface 113 
of the substrate 110. The interconnect metal layers provide 
connections between the various microelectronic devices of 
the image sensor 50. The inter-layer dielectric 124 comprises 
a low-k material, as compared to a dielectric constant of 
silicon dioxide. Alternatively, the inter-layer dielectric 124 
may comprise carbon-doped silicon oxide, fluorine-doped 
silicon oxide, silicon oxide, silicon nitride, and/or organic 
low-k material. The inter-layer dielectric may beformed by a 
technique including spin-on, CVD, or sputtering. The mate 
rial of the metal layers 120 and 122 may include aluminum, 
copper, tungsten, titanium, titanium nitride, tantalum, tanta 
lum nitride, metal silicide or combination thereof. Addition 
ally, the interconnect metal layers 120, 122 and inter-layer 
dielectric 124 may be formed in an integrated process Such as 
a damascene process or lithography/plasma etching process. 
The image sensor 50 may further include a passivation layer 
126 for protecting the image sensor. 

Additional circuitry also exists to provide an appropriate 
functionality to handle the type of pixels 100 being used and 
the type of light being sensed. It is understood that the wave 
lengths red, green, and blue are provided for the sake of 
example, and that the pixels 100 are generally illustrated as 
being photodiodes for the sake of example. 

The image sensor 50 is designed to receive light radiation 
150 directed towards the back surface 114 of the substrate 110 
during applications, eliminating any obstructions to the opti 
cal paths by other objects Such as gate features and metal 
lines, and maximizing the exposure of the light-sensing 
region 112 to the illuminated light. The substrate 110 may be 
thinned such that the light 150 directed through the back 
surface 114 thereof may effectively reach on the photodiodes. 
The illuminated light 150 may not be limited to visual light 
beam, but can be infrared (IR), ultraviolet (UV), and other 
radiation beam. 
The image sensor 50 may further include a color filter layer 

160 formed on the back surface 114 of the substrate 110. The 
color filter layer 160 can support several different color filters 
(e.g., red, green, and blue), and may be positioned Such that 
the incident light is directed thereon and there through. In one 
embodiment, such color-transparent layers may comprise a 
polymeric material (e.g., negative photoresist based on an 
acrylic polymer) or resin. The color filter layer 160 may 
comprise negative photoresist based on an acrylic polymer 
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4 
including color pigments. In continuance of the present 
example, color filters 160R, 160G, and 160B correspond to 
pixels 100R, 100G, and 100B, respectively. The image sensor 
50 may further include a plurality of micro-lens(es) 170 
formed over the color filter layer 160 such that the backside 
illuminated light can be focused on the light-sensing regions 
112. 
When light radiation 150 is directed through the back sur 

face 114 of the substrate 110, electrons may be absorbed by 
the substrate 110 before reaching light sensing region 112 of 
the photodiode. For example, a problem exists when blue 
light is directed through the residual substrate 110, electrons 
are generated much closer to the backside Surface 114. As a 
result, many of the electrons are quickly absorbed by the 
substrate 110 and less electrons will reach the light sensing 
region 112 of photodiode. This leads to poor photo sensitivity 
and poor pixel performance. 

Aspects of the present disclosure provide for improving 
sensitivity of backside illuminated image sensors by first 
reducing the thickness of the substrate 110 prior to implanting 
the p-- ions at the backside surface 114 of the substrate. 
Referring to FIG.3, a backside illuminated image sensor 300 
with a shallow p-- doped layer 302 at the backside is depicted. 
The image sensor 300 is similar to the image sensor 50 of 
FIGS. 1 and 2 except for the differences noted below. Similar 
features in FIGS. 1-3 are numbered the same for clarity. In 
this example, the image sensor 300 is shown with only one 
pixel 100 for simplicity and a better understanding of the 
present embodiment. 
The resistance of substrate 110 may be first increased to 

extend the light sensing region 112. In this example, the 
resistance of p- epilayer is increased from about 10 ohm to 
about 100 ohm. This causes the light sensing region 112 to 
extend closer to the backside surface 114 of the p- epilayer. 
The typical thickness of the substrate 110 before thinning is 
about 745 um. In one embodiment, the thinning of the sub 
strate 110 may be accomplished by grinding down the sub 
strate followed by conventional multi-step wet etching to 
reduce the substrate to a desired thickness in order to provide 
the desired photo response (sensitivity) and reduce cross-talk 
between pixels 100. Alternatively, the thinning of the sub 
strate 110 may optionally be accomplished by chemical 
mechanical planarization (CMP) which uses a combination 
of mechanical polishing and chemical reaction. 
Once the substrate 110 is thinned to the desired thickness, 

an implantation of p-- ions may be performed on the backside 
surface 114 of the p- epilayer to form the shallow p-- doped 
layer 302 at the backside. In an illustrative embodiment, the 
shallow p-- doped layer 302 may have a thickness of about 
100A to about 1 um and preferably about 100A to about 1000 
A. The dopant may include a p-type dopant, such as boron, 
BF, or other Suitable material. The implantation energy used 
to implant the shallow p-- doped layer 302 may be between 
about 500 eV to about 500 KeV. The concentration of the 
shallow p-- doped layer 302 may be between about le16 cm 
to about 1e21 cm. 
By providing the shallow p-- doped layer 302 at the back 

side surface 114, the potential difference between the p 
epilayer and the p+ doped layer 302 is increased. Thus, elec 
trons 320 may reach the light sensing region 112 of the 
photodiode more easily without being absorbed by the p 
epilayer. To provide a better electron response to blue light, 
the thickness of the shallow p-- doped layer 302 should be 
preferably less than 1000 A or 0.1 um. 
Once the shallow p-- doped layer 302 is formed, an anneal 

ing may be performed using a laser to activate the implanta 
tion of p-- ions. In this illustrative embodiment, laser anneal 
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ing is preferred over conventional annealing techniques. Such 
as Rapid Thermal Annealing (RTA), because the high tem 
perature required for RTA may cause damage to the image 
sensor 300. In particular, high temperatures over 450° C. may 
cause the metal layers 120 and 122 of image sensor 300 to 
melt. Since laser annealing only requires a high temperature 
at the backside surface 114, the metal layers 120 and 122 of 
the image sensor 300 will not be affected. Once the p-- ion 
implantation is activated by laser annealing, fewer out diffu 
sions occur from the shallow p-- doped layer 302 to the p 
epilayer. As a result, the shallow p-- doped layer 302 provides 
electrical grounding and reduces leakage current of the image 
sensor 300 and at the same time improves photo sensitivity, 
especially for blue light. Accordingly, quantum efficiency 
(percentage of incident light that is detected) of the image 
sensor 300 is improved 

During thinning of the substrate 110, the backside surface 
114 may be damaged which can lead to an increase in dark 
current. That is, unwanted current (charges) generated in the 
absence of light radiation. This can lead to poor device per 
formance. The p-- doped layer 302 of FIG. 3 at the backside 
can reduce dark current and improve quantum efficiency. 
Additionally, aspects of the present disclosure provide for 
further reducing dark current without degrading quantum 
efficiency by providing a backside depletion region. Refer 
ring to FIG. 4, a backside illuminated image sensor 400 
having a backside depletion region 402 is depicted. The 
image sensor 400 is similar to the image sensor 300 of FIG.3. 
Similar features in FIGS. 3 and 4 are numbered the same for 
clarity. The backside depletion region 402 has a depth 410 
that is 20% less than a thickness 420 of the substrate 110. In 
some embodiments, the thickness 420 of the substrate 110 
may be about 1 um to about 5 Lum. In some other embodi 
ments, the depth 410 of the depletion region 402 may be less 
than 1000A. The charges (e.g., electrons) that are generated 
at the backside surface 114 in the absence of light are col 
lected in the backside depletion region 402 and thus, do not 
reach the light sensing region 112 of the photodiode. Accord 
ingly, dark current in the image sensor 400 may be reduced. 

Referring to FIG. 5, a flowchart of a method 500 for fab 
ricating the backside illuminated image sensor 400 of FIG. 4 
is depicted. Referring also to FIGS. 6a-6d. illustrated is the 
image sensor 400 of FIG. 4 at various stages of fabrication in 
accordance with the method 500 of FIG. 5. The method 500 
begins in block 510 in which a substrate 110 is provided 
having a plurality of sensing elements formed in the Substrate 
underneath the front surface 113. Each sensing element 
includes at least a photodiode such as a pinned layer photo 
diode having a light sensing region 112. Further, the image 
sensor 400 may be configured as an active-pixel sensor 
wherein each pixel 100 includes a photodiode and a number 
of transistors (not shown). Additionally, interconnect metal 
layers 120, 124 and inter-layer dielectric 124 may be formed 
on the front surface 113 of substrate 110. Further, a passiva 
tion layer 126 may be formed over the metal layers 120, 122 
and inter-layer dielectric. 

In FIG. 6a, the image sensor 400 is shown after formation 
of various components at the front surface 113 as discussed 
above. In the present example, the substrate 110 may include 
an p- epilayer and may have an initial thickness 430. The 
typical thickness 430 of the substrate 110 before thinning is 
about 745 um. The method 500 continues with block 520 in 
which the thickness of the substrate 110 is reduced from the 
back surface 440. The substrate 110 may be thinned by first 
grinding down the substrate followed by multi-step wet etch 
ing, or CMP to reduce the substrate to a desired thickness 420. 
The thickness 420 of the substrate 110 may be about 1 um to 
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6 
about 5um. In FIG. 6b, the method 500 continues with block 
530 in which p+ ions may be implanted 450 at the backside 
surface 114 of the substrate 110 to formap+ doped layer 455. 
In the present example, the p-- doped layer 455 has a reverse 
conductivity type to a minority carrier (e.g., electrons) asso 
ciated with charges generated in the image sensor 400. 
Accordingly, the dopant may include a p-type dopant, such as 
boron, BF, or other suitable material. The implantation 
energy range is between about 500 eV to about 50 KeV. The 
dosage of about 10e3 atoms/cm to about 50e5 atoms/cm 
may be utilized. The depth of the p-- doped layer may vary and 
will depend on the implantation energy used. 

In FIG. 6c, the method 500 continues with block 540 in 
which n+ ions may be implanted 460 from the backside 
surface 114 of the substrate 110 to form an n+ doped layer 
465. In the present embodiment, the n+ ions may be 
implanted 460 at a depth (from the backside surface 114) that 
is less than the depth of the p-- ions implanted in block 530. 
That is, the n+ doped layer 465 is located between the p-- 
doped layer 455 and the backside surface 114. The dopant 
may include an n-type dopant, such as AS, P, or other Suitable 
material. The implantation energy used to implant the n+ions 
may be between about 500 eV to about 40 KeV. The dosage of 
about 10e3 atoms/cm to about 50e5 atoms/cm may be uti 
lized. In FIG. 6d, once the p-- and n+ ion implantations are 
complete, the method 500 continues with block 550 in which 
a laser annealing 470 is performed at the backside surface 114 
to activate the implantation. The laser annealing 470 requires 
a high temperature near the backside surface 114. The laser 
annealing 470 includes utilizing a power density ranging 
from 0.5 to about 10 J/cm. Accordingly, the metallayers 120, 
122 of the image sensor 400 are not affected. 

In FIG. 6e, a depletion region 402 is shown at the backside 
surface 114 and has a depth 410 that is 20% less than the 
thickness 420 of the substrate 110. The depth 410 of the 
depletion region 402 is preferably less than 1000 A. The 
depletion region 402 is associated with a junction of the p-- 
doped layer 455, n+ doped layer 465, and p- epilayer. 
Accordingly, the depth 410 of the depletion region 402 may 
be accurately determined and will depend on the formation 
(e.g., implantation energy, dosage, etc.) of the p-- doped layer 
455 and n+ doped layer 465 in the p- epilayer as described in 
blockS530 and 540. 
The method 500 continues with block 560 in which a color 

filter layer 160 is formed over the backside surface 114. The 
color filter layer 160 may support several different color 
filters (e.g., red, green, and blue). The method 500 continues 
with block 570 in which a plurality of micro-lens(es) 170 may 
beformed over the color filter layer 160. The micro-lens(es) 
170 are configured to focus light radiation directed towards 
the backside surface 114 to the light sensing region 112 of the 
image sensor 400. It has been observed that by providing the 
backside depletion region 402, dark current in the image 
sensor 400 is further reduced as compared to dark current 
generated in the image sensor 300 of FIG. 3. Further, a quan 
tum efficiency of the image sensor 400 is substantially 
equivalent to a quantum efficiency of the image sensor 300 as 
shown below. Therefore, the image sensor 400 having the 
backside depletion region 402 further reduces dark current 
without degrading device performance. 

Referring to FIG. 7, illustrated is a graph 700 showing a 
quantum efficiency (percentage of incident light (electrons) 
that is detected) of various image sensors based on different 
wavelengths of light radiation. In graph 700, the X-axis 702 
represents various light wavelengths in lum. The Y-axis 704 
represents the quantum efficiency of the image sensor. A 
curve 706 represents a backside illuminated image sensor 
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(such as the image sensor 50 of FIG. 2) without a p-- doped 
layer and n+ doped layer implanted at the backside. A curve 
708 represents a backside illuminated image sensor (such as 
the image sensor 300 of FIG. 3) with a p-- doped layer 
implanted at the backside. A curve 710 represents a backside 
illuminated image sensor (such as the image sensor 400 of 
FIG. 4) with a p-- doped layer and n+ doped layer (e.g., 
backside depletion region) implanted at the backside. 
As shown in FIG. 7, the quantum efficiency (curve 708) of 

the backside illuminated image sensor 300 (FIG. 3) with the 
p+ doped layer implanted at the backside Surface is Substan 
tially equal to the quantum efficiency (curve 710) of the 
backside illuminated image sensor 400 (FIG. 4) with the p-- 
doped layer and n+ doped layer (e.g., backside depletion 
region) implanted at the backside. In other words, the image 
sensors 300 and 400 have substantially the same photo sen 
sitivity across the range of wavelengths. However, both of 
these image sensor 300 and 400 have a better quantum effi 
ciency (curves 708 and 710) than the quantum efficiency 
(curve 706) of the backside illuminated image sensor 50 
(FIG. 2) without a p+ doped layer and n+ doped layer 
implanted at the backside. That is, the photo sensitivity of the 
backside illuminated image sensors 300 (p+ doped layer at 
the backside) and 400 (p+ doped layer and n+ doped layer at 
the backside) is better than the image sensor 50 without the p-- 
doped layer and n+ doped layer implanted at the backside. 

It should be noted that the type of dopants (e.g., n-type and 
p-type) and process parameters (e.g., implantation energy, 
dosage, etc.) used in the above embodiments are mere 
examples and that modifications are possible in the exem 
plary embodiments without materially departing from the 
novel teachings and advantages of this disclosure. For 
example, various features and the doping configurations dis 
closed herein may be reversed accordingly. 

In Summary, aspects of the present disclosure provides a 
method for reducing dark current for backside illuminated 
image sensors. During fabrication of the image sensor, the 
backside of the substrate is thinned to a reasonable thickness 
to provide for a desired photo response and reduce cross talk. 
However, this may damage the back surface of the substrate 
which can lead to an increase in dark current. By providing a 
depletion region at the backside, the charge carriers that are 
generated at the back Surface in the absence of light radiation 
(e.g., dark current) may be collected in the backside depletion 
region and thus, do not reach the light sensing region of the 
photodiode. Thus, with the aspects of the present disclosure, 
dark current is reduced without degrading the quantum effi 
ciency of the image sensor. 

In one embodiment, a backside illuminated image sensoris 
provided, which includes a Substrate having a front side and a 
backside, a sensor formed in the substrate at the front side, the 
sensor including at least a photodiode, and a depletion region 
formed in the substrate at the backside, wherein a depth of the 
depletion region is less than 20% of a thickness of the sub 
strate. In some embodiments, the thickness of the substrate is 
about 1 um to about 5um. In some other embodiments, the 
Substrate is a type selected from the group consisting of a p 
type substrate, an in type substrate, an epitaxial layer, silicon 
on-insulator, silicon, and combinations thereof. 

In other embodiments, the depth of the depletion region is 
less than 1000A. In still other embodiments, the photodiode 
is a type selected from a group consisting of a pinned layer 
photodiode and a non-pinned layer photodiode. In other 
embodiments, the sensor is a type selected from the group 
consisting of an active pixel sensor and a passive pixel sen 
sor. In other embodiments, the image sensor further includes 
a metal interconnection layer and interlayer dielectric formed 
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8 
on the front side of the substrate, a color filter formed on the 
backside of the Substrate and aligned with the sensor, and a 
microlens formed over the color filter. 

In another embodiment, a method for fabricating a back 
side illuminated image sensor is provided, which includes 
providing a Substrate having a front side, a backside, and a 
first thickness, forming a plurality of sensors in the Substrate 
at the front side, wherein each of the plurality of sensors 
includes at least a photodiode, reducing the thickness of the 
Substrate from the first thickness to a second thickness, and 
forming a depletion region in the Substrate at the backside, 
wherein a depth of the depletion region is less than 20% of the 
second thickness of the Substrate. In some embodiments, the 
step of forming the depletion region includes: implanting ions 
of a first conductivity type at a first depth from the backside of 
the Substrate, implanting ions of a second conductivity type at 
a second depth from the backside of the substrate, and per 
forming laser annealing to activate the ions of the first con 
ductivity type and ions of the second conductivity type. The 
first conductivity type is different from the second conduc 
tivity type and the second depth is less than the first depth. 

In other embodiments, step of implanting ions of the first 
conductivity type includes utilizing a p-type dopant, an 
energy of 500 eV to about 50 KeV. and a dosage of 10e3 
atoms/cm to about 50e5 atoms/cm. In some other embodi 
ments, the step of implanting ions of the second conductivity 
type includes utilizing an n-type dopant, an energy of 500 eV 
to about 40 KeV. and a dosage of 10e3 atoms/cm to about 
50e5 atoms/cm. In still other embodiment, the step of per 
forming laser annealing includes utilizing a power density of 
about 0.5J/cm to about 10 J/cm. In other embodiments, the 
depth of the depletion region is less than about 1000 A. In 
other embodiments, the second thickness of the substrate is 
about 1 um to about 5um. 

In still another embodiment, a semiconductor device is 
provided, which includes a semiconductor Substrate having a 
front Surface and a back Surface, a plurality of sensing ele 
ments formed in substrate underneath the front surface, 
wherein each of the sensing elements includes at least a 
photodiode for sensing light radiation directed towards the 
back surface, a first doped layer formed in the substrate at a 
first depth from the back surface, and a second doped layer 
formed in the substrate at a second depth from the back 
surface, the second depth being less than the first depth. A 
depth of a depletion region associated with the first and sec 
ond doped layers is less than 20% of a thickness of the 
semiconductor Substrate. 

In some embodiments, the depth of the depletion region is 
less than about 1000 A. In some other embodiments, the 
thickness of the semiconductor substrate is about 1 m to about 
5um. In other embodiments, the first doped layer includes a 
p+ doped layer and the second doped layer includes an n+ 
doped layer. In still some other embodiments, the device 
includes a metal interconnection layer and interlayer dielec 
tric formed on the front surface of the substrate, a color filter 
formed on the back surface of the substrate and aligned with 
the sensor, and a microlens formed over the color filter. 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the accom 
panying figures. It is emphasized that, in accordance with the 
standard practice in the industry, various features are not 
drawn to scale. In fact, the dimensions of the various features 
may be arbitrarily increased or reduced for clarity of discus 
Sion. It is also emphasized that the drawings appended illus 
trate only typical embodiments of this invention and are 
therefore not to be considered limiting in scope, for the inven 
tion may apply equally well to other embodiments. For 
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example, various features and the doping configurations dis 
closed herein may be reversed accordingly. 

Although only a few exemplary embodiments of this 
invention have been described in detail above, those skilled in 
the art will readily appreciate that many modifications are 
possible in the exemplary embodiments without materially 
departing from the novel teachings and advantages of this 
invention. For example, the depletion region may be formed 
by implanting an n+ doped layer in the p-substrate instead of 
implanting a p+ doped layer and n+ doped layer in the p 
substrate. It is understood that various different combinations 
of the above-listed steps can be used in various sequences or 
in parallel, and there is no particular step that is critical or 
required. Also, features illustrated and discussed above with 
respect to some embodiments can be combined with features 
illustrated and discussed above with respect to other embodi 
ments. Accordingly, all such modifications are intended to be 
included within the scope of this invention. Several different 
advantages exist from these and other embodiments such as 
reduction of dark current without degradation to quantum 
efficiency, cost effective, and easy to manufacture. 

What is claimed is: 
1. A backside illuminated image sensor, comprising: 
a semiconductive Substrate having a first conductivity type 

and a first doping concentration, the semiconductive 
Substrate having a first Surface and a second Surface 
opposite the first Surface; 

a sensor formed in the semiconductive substrate at the first 
Surface, the sensor including at least a photodiode; 

a first doped region formed in the semiconductive Substrate 
proximate to the second surface, the first doped region 
having the first conductivity type and a second doping 
concentration that is greater than the first doping con 
centration; 

a second doped region formed in the semiconductive Sub 
strate adjacent to the first doped region Such that the 
second doped region is positioned between the first 
doped region and the second Surface, the second doped 
region having a second conductivity type that is opposite 
the first conductivity type, and further wherein the first 
doped region and the second doped region form a deple 
tion region in the semiconductive substrate; 

a metal interconnection structure formed on the first Sur 
face of the substrate; 

a color filter formed on the second surface of the semicon 
ductive substrate and aligned with the sensor; and 

a microlens formed on the color filter. 
2. The backside illuminated image sensor of claim 1, 

wherein the thickness of the substrate is about 1 um to about 
5um. 

3. The backside illuminated image sensor of claim 1, 
wherein the first conductivity type is p-type and the second 
conductivity type is n-type. 

4. The backside illuminated image sensor of claim 1, 
wherein the depletion region has a depth that extends into the 
semiconductive substrate from the second surface, the depth 
being less than 20% of a thickness of the semiconductive 
substrate. 

5. The backside illuminated image sensor of claim 1, 
wherein the semiconductive Substrate is an epitaxial layer. 

6. The backside illuminated image sensor of claim 1, 
wherein the sensor is a type selected from the group consist 
ing of an active pixel sensor and a passive pixel sensor. 

7. The backside illuminated sensor of claim 1, further 
comprising a passivation layer formed over the metal inter 
connection layer. 
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10 
8. A semiconductor device comprising: 
a silicon Substrate having a front Surface and a back Sur 

face; 
a plurality of sensing elements formed in the silicon Sub 

strate underneath the front surface, wherein each of the 
sensing elements includes at least a photodiode for sens 
ing light radiation directed towards the back Surface; 

a first doped region formed in a portion of the silicon 
substrate at a first depth from the back surface; 

a second doped region formed in a portion of the silicon 
substrate at a second depth from the back surface, the 
second depth being less than the first depth, such that the 
second doped region is located between the first doped 
region and the back Surface of the silicon Substrate; 

a depletion region associated with the first and second 
doped regions, wherein the depletion region extends a 
third depth into the silicon substrate from the back sur 
face, the third depth being less than 20% of a thickness 
of the silicon substrate; and 

a metal interconnection layer and interlayer dielectric 
formed on the front surface of the silicon substrate. 

9. The semiconductor device of claim 8, wherein the depth 
of the depletion region is less than about 1000 A. 

10. The semiconductor device of claim 8, wherein the 
thickness of the semiconductor Substrate is about 1 um to 
about 5 Lim. 

11. The semiconductor device of claim 8, wherein the 
silicon Substrate is a p-type silicon Substrate, the first doped 
region is a p-- doped region and wherein the second doped 
region is an n+ doped region. 

12. The semiconductor device of claim 8, further compris 
ing: 

a color filter formed on the back surface of the silicon 
substrate, the color filter being aligned with one of the 
plurality of sensing elements; and 

a microlens formed on the color filter. 
13. The semiconductor device of claim 8, further compris 

ing a passivation layer formed over the metal interconnection 
layer. 

14. A backside illuminated image sensor, comprising: 
a Substrate having a first Surface and a second surface 

opposite the first Surface; 
a sensor formed in the substrate at the first surface, the 

sensor including at least a photodiode disposed at the 
first surface of the substrate, the photodiode for sensing 
light directed towards the second surface; 

a first doped region disposed in the Substrate proximate to 
the second surface, the first doped region being a first 
conductivity type; 

a second doped region disposed in the Substrate between 
the first doped region and the second Surface, the second 
doped region being a second conductivity type, wherein 
the second conductivity type is opposite the first con 
ductivity type, and further wherein a depletion region is 
formed in the Substrate adjacent to the second Surface, 
wherein the depletion region extends a depth into the 
Substrate from the second Surface, the depth being less 
than 20% of a thickness of the substrate; 

a metal interconnection layer and interlayer dielectric 
formed on the first surface of the substrate; 

a passivation layer formed over the metal interconnection 
layer; 

a color filter formed on the second surface of the substrate 
and aligned with the sensor, and 

a microlens formed on the color filter. 
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15. The backside illuminated image sensor of claim 14, 
wherein the depth into the substrate from the second surface 
of the substrate is less than about 1000 A. 

16. The backside illuminated image sensor of claim 14, 
wherein the thickness of the substrate is about 1 um to about 
5um. 

17. The backside illuminated image sensor of claim 14, 
wherein the substrate has the first conductivity type and a first 
doping concentration, 

wherein the first doped region has the first conductivity 
type and a second doping concentration that is greater 
than the first doping concentration. 

18. The backside illuminated image sensor of claim 14, 
wherein the first doped region and the second doped region 
form the depletion region. 
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